Three-dimensional visualization and quantitation of fibrin in solid tumors by confocal laser scanning microscopy.
Fibrin forms part of the stroma essential for growth of solid tumors. Anticoagulants reduce primary tumor growth and tumor metastasis in murine and some human tumors. These effects may be partly mediated by reduction of intra-tumor fibrin, although there are no quantitative data to support this hypothesis. We therefore evaluated the effect of warfarin on fibrin deposition in a subcutaneously (s.c.) implanted murine tumor using confocal laser scanning microscopy (CLSM). AJ mice received no treatment (n = 6) or sodium warfarin (3.5 mg/L in drinking water, n = 5). All animals received 2 x 10(6) syngeneic Neuro2a neuroblastoma cells s.c. After 14 days, primary tumors were excised and placed in liquid nitrogen. Warfarin treatment resulted in a small, but significant (P < 0.05), decrease in wet tumor weight. Frozen sections (20 microns) were incubated with goat anti-mouse fibrin(ogen) or normal goat serum (isotypic control) and stained with FITC-conjugated rabbit anti-goat antibody. Using a Multiprobe 2001 CLSM (Molecular Dynamics, Sunnyvale, CA), 20 serial optical sections were taken from five, randomly chosen, high power fields (60x objective) for each slide. A threshold excluded all fluorescence except that from structural components within the tumor stroma (fibrin). The volume of fibrin in each section series was determined, and the percentage of tumor volume occupied by fibrin calculated. Intra- and inter-assay variation were assessed on serial frozen tumor sections from an untreated animal. The percentage fibrin volume was not significantly different among or within experiments, indicating that the procedure was reproducible. In controls, the median (range) volume occupied by fibrin was 8.1% (2.4-22.3%), whereas in anticoagulated animals, this was reduced to 3.7% (0.4-14.0%; P < 0.001). This is the first quantitative demonstration that warfarin reduces fibrin deposition in solid tumors. We conclude that three-dimensional CLSM is useful for the quantitation of tissue antigens and that the technique may have clinical value.